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A FLIGHT INVESTIGATION OF THE DISTRIBUTION OF
ICE~INEIBITING FLUIDS ON A PROPELLER BLADE

By Lewis A. Rodsri
SUMMARY

The flow of lece-inhibiting fluids over the blade sur-
faces of & 1l2.5~foot—-diameter propeller was Investigated
in flight by discharging dyed fluids at various stations
along the leading edges of the blades. The effects on the
distribution of varying the fluid composlition, the blade-
surface roughness, and the orifice desisn wers alsoc 6Db-
served.

The flow patterns obtalined indicated that, under fa-
vorable combinations of type of fluid, surface smoothne=ss,
and orifice design, the fluid would flow from an orifice
near the propeller hub along the leading edge to about the
40-inch blade station (53 percent of the blade radius).

The fluld would not flow along the lesading edge beyond the
40~-inch station regardless of orifice location.

Flulds consisting of 85 percent alcohol and 15 percent
of elther glycerin or ethylene glycol flowed farthest along
the leading edge. Decreasing the percentage of alcohol de-
creased the percentage of the blade length covered by the
fluid., Discharging the fluid from an orifice that spread
the fluid out in a thin film in intimate contact with the
blade increased the blade caverage of a glven volume of
fluid., Surface roughness of the bdlade reduced the radial
digtribution.

INTRODUCTION

Current trends in airplane design indicate that higher
eir speeds, larger propeller diameters, and lower propeller
angular velocities will be used in the near future. These
changes are antlclipated t0 affect adversely the problem of
distributing lee-inhibiting fluid on the propeller blade
and to render inadequate present protection asgainst ics
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formation on propellers. A study has therefore been made
of the problem of distributing ice-inhidbiting fluid over
the blade surfaces of a large~dlameter propeller.

The flow patterns resulting from the emission of the
fluids from orifices at various stations along the radlus
wore obgerved. The effect on the distridbution from the
orifices along the blades resulting from the use of vari-
ous fluids was studled during the tests to dotermine the
importance of surface teansion. Obgservations were also
made of the effect on the fluid distridution of such fac-
tors as blade~surface roughness, orifice location with re-
lation to the stagnation point, and orifice shape. Al-
though adiabatic heating and centrifugal force may affect
the accumulation of ice beyond a certaln point on the
blade radius, these. factors were not considered in the
pPresent invegtigatilon.

The tests were conducted in flight at values of V/nD
comparable with those of current transport alrplanes. The
speed of the airplane with which the flights were made wag,
however, lower than the cruising speeds currently used.

The resultant date should apply gualitatively for the usual
operating conditions for propellers of about the same di-
ameter (l2.5 feet) as the one tested. :

APPARATUS AND FLUIDS

The tests of the distribution of ice~inhibiting flu~
1ds over the blade of a propeller were conducted at the
N.A.C.A. laboratory at lLangley Field, Va., on an Army XC-31
cargo airplane (fig. 1). This airplane was eqfipped with
a 750-~horsepower, radial, alr-cooled engine geared to'a
three~blads, 1l2,5-foot~dlameter propeller.

Figure 2 shows a close-up view of the hub assembly.
Flgure 3 shows the path followed by the fluid before leav-
ing the orifice. Ice~-inhibiting fluid was pumped to a
distributing ring from which it was propelled dy centrifu-
gal rorce through distridbutor tubes to blade-root cups.
The delivery from the distributor tubes %to the root cup
vermlts the blade angle to change without disrupting the
flow of fluid. From the blade-~root cups, the fluid is
propelled again by centrifugal force through small tubes
along the leading edge of each of the propeller bdlades to
any desired blade station. N
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_ Some difficulty was experiencad in obtaining a satis-
factory flow of, fluld through the distributing system. -
After the fluid entered the distributor ring, its continued
motion was dependent entirely wupon, centrifngal force, The
fluid therefore had to be provided with a path successive
points of which were at increased radii. 1In order to in-
sure that a large percentage of the fluid reached the ori-
fices along the blades, it was found necessary to prevent
the fluid from becoming air borne.

The tube running along the blade was & 0.05-~inch-
diameter stainless-stesl tube with 0,005-inch wall thick-
ness secured to the blade by wrapping both blade and tube
with tape and applying eirplane dope; the general appear-—
ance of the blade is shown in figure 4. The shrinkage of
the doped fabric tape resulted in a tlght and secure fas-
tening of the tube to the Dhlade.

At the start of the tests, the tubes at the leading
edges of the blades terminated at the 57-inch station (76
percent of the blade radius). In order to locate orifices
at blade—radius stations nearer the propeller hub, notches
were cut through the tape at the leading edge and the tube
was severed; from the resulting orifice, the liguid flowed
over the tape-covered blade, Figure 4 shows such an ori-
fice at a station near the propeller hub and the flow pat-
tern of the fiuid can be seen on the blade, Flow patterns
were observed on the blades inboard of the orifice sta-
tions; they apperently were patterns of fluid that escaped
from the distributing ring, became air borne, and collect-
ed on the propeller hub and the blade~rocot sections.

Barly observations during the tests indicated that
the flow pattern was affected by the surface roughness of
the blade. For the later tests, the tape and the tubes
were therefore removsd from the blades over the reglon be-
vyond the orifices and the blades wers made as smooth as
possible.

The chemicals used in the different fluids tested
were 180 proof ethyl alcohol, U.S.P. glycerin, and a com—
mercial grade of ethylene glycol. Most of the tests were
made with a solution of 85 percent alcohol and 15 percent
glycerin. This combination had been used by transport
operators and found to possess satlsfactory ice—inhibitlng
characteristics. Variations in viscoslty and surface ten—
sion were obtained by using 100 percent glycerin and solu-
tions of 50 percent alcohol and 50 percent glycerin, 50
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percent alcohol and 50 percent ethylens glycol, and 85 per-
cent alcohol and 15 percent ethylene glycol. Observations
were made on the power of the various solutions to wet the
blade surface, since the distribution over the surface ig
believed to be affected by the power of the fluid to dis-
solve or to combine with the o0il f£ilm covering most pro-
pellerg. The flulds were dyed by the addition of methylens
blue. The distridbution patterns were retalned after the
flighte by the deposits of dye that remained on the blades.
Records of the patterns were preserved by pressing onto

the blade surface a sheet of tracing paper to which the

dye adhered.

RESULTS AND DISCUSSION

The patterns of the flow from oriflces at various
blade~radius stations over the flat and the cambered faces
of the propeller for the most favorable condltions are
shown in figure 5. The flow along the blade leading edge
is of greater importance in the vrevention of ice accre-
tion than is the flow over the blade faces. When the vari-
ous factors that influenced the flow along the leading
edge were most favorable, it was possible to make the flu-
14 flow out to about the 40-inch blade station (53 percent
of the blade radiug) from orifices located near the pro-
reller hub. TFlow beyond the end of the tube along the
leading edge beyond the 40-inch blade station, however,
could not be produced regardless -of the orifice location.
At the oduter blade stations, the leading-edge radlus be-
comes small and the air speed is great, both of which fea-
tures tend to reduce the regilon of low velocity in the
vicinlty of the stagnation pressure line. These two fac-
tors are believed to limit and finglly to stop the flow to
the outer dlade stations.

The flow digtribution is thought to be affected to
some degree by the presence of the cowling for the radial
engine. The shape and the position of the cowling will in-
fluence the air flow over the inner blade stationas and
therefore will affect the fluid movement on the blades.

The best fluld distridution was obtained with solu-
tions of 85 percent alcohol and 15 percent of elther glyc—
erin or ethylene glycol. Solutions bhaving sreater percent-
agens of either glycerin or ethylene eglycol were blown back

chordwige more readily than the optimum mixture. A decrease

!
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in the percentage of alcohol increased the gurface tension
and decreased the wetting power of the fluid, both of which
reduced the fluid travel along the blade. 4 change of visg~
coslty apparently does not change the flow pattern over

the propeller blade, because the flow of lubricating oil
that leaked out from the propeller hub gave about the same
pattern as d4did the much less viscous alcohol-glycerin solu-
tions., The flow patterns obtained using ethylene glycol
did not differ from those obtained when the same percent-
age of glycerin wag used. This result will be noted by a
co?p?rison of the flow patterans shown in figure 6 (2) and

6 (b). .

Observations made of the effect of surface roughness
on the fluid distribution showed that roughness along the
leading edgse decreased the amount of fluid which would
flow radially past a given point and therefore reduced the
rercentage of blade radius covered, Roughness on the face
of a blade caused the fluid to be swept toward the trail-
ing edge at a sharper angle. Apparently the best fluid
distribution along the blade was obtained where laminar
flow existed. Figure 5 shows that a sharp break occcurrsd
in the flow lines on the cambered face of the blade when
the orifice was located at the 27-inch blade station.

This break in the lines was probably due to a transition
from laminar %o turbuleant flow.

The volume of fluid that could be delivered %o any
point on the blade beyond the orifice was dependent to a
considerable extent upon the shape of the orifice. It was
found that, when the fluld was released slightly under the
edge of the tape which bdound the tubes to the blade (fig.
7), the delivery was improved because the fluid then made
contact with the blade over a considerable width. Rseleasg-
ing a thin film of fluid in direct contact with the blade
seemed to reduce the amount of fluid that was immediately
blown away. In order to obtaln flow along the leading
edge, locating the orifice exactly at the point of stagna-
tion pressure was necessary.

According to these results, the prevention of ice on
large propellers will require a distridbution system that
will supply fluid at continuous points along the leading
edze independent of the blade radius. At the outer Ddlade
stations, this requirement may necessitate a sgystem of in-
ternal ducts opening along the leading edge or of channels
along the leading edge.
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CONCLUSIONS

le An ice-inhibiting fluild was observed to flow along
the leading-edge surface of the propeller blade to about
the 40-inch station (B3 percent of the blade radius) when
discharged from an orifice located at various points be-
tween  -the propeller hub and the 40-inch station. The flu-
id would not flow along the leading edge beyond the 40-
inch station, regardless of the oriflce location.

2. The most favorable conditions for extensive dis-
tribution of fluid along a propeller blede were obtained
by using a solution of 85 percent alcohol and 15 percent
of either glycerin or ethylens glycol, whilch was dligcharged
in a thin film in intimate contact with & smooth blade sur-
face along the llne of stagnation pressures,

Kational Advisory Commitbtee for Aerconautics,
Langley Memorlal Aeronautical Laboratory,
Langley ¥ield, Va., July 28, 1938.
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Hgure 1.~ The XC-31 Army cargo airplans,
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Mgure 2.- The propeller hub showing the fluid-dlstributing system.
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Yigure 4.- A view of a blade with & distributing tube attached

to the leading edge. The flow pattern on the face
of the blade, resulting from fluid emitted from an orifice near
the hub can be seen.
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Figure 5.~Fluid distribution over flat and cambered feces of blade of 13.5-foot-diameter
propeller. Air speed, 135 miles per hour, V/nd.,. 0.88, fluid, 85 percent
alcobol and 15 percent glycerin, altitude, 6,000 feet.
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(a) Fluld, 50 percent alecohol and 50 percent ethylene glycol.
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b} Fluid, 50 perosnt alcohol and 50 perocent glycerin.
Figure B.S- %‘luid distribution over flat and cambered faces of blade of 13.5-foot-diameter
propellesr. Air speed, 135 miles per hour, v/uD, 0.89, altitude, 6,000 feet.
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Yigure 7.~ Orifice located near the propeller hub(l4-inch stationj.

The fluid is discharged from the tube under the tape.
Fluid from this orifice traveled along the leading edge of the
blade to slightly beyond the 40-inch blade station.



